The research objective was to assess effects of fertiliser application rates and nutrient ratios on production and quality of grassland at an alluvial meadow. The initial sward type was Festucetum pratense association. A field trial was established in the western part of "Zvolenská kotlina" basin (altitude 350 m) and consisted of ten fertiliser treatments: zero-fertilised sward (control); fertiliser P and K application; rates of 50, 100, 150 and 200 kg N/ha at two ratios of N : P : K nutrients, namely the low N : P : K ratio (1 : 0.3 : 0.8) and the high one (1 : 0.15 : 0.4), respectively. The grassland was utilised by three cuts. Dry matter (DM) production and herbage quality were determined at each of the cuts. The yield of DM was higher with the rates of 50 and 100 kg N/ha applied at the high nutrient ratio than at the low ratio. Over the research period, the highest DM production was recorded at the treatment with the low nutrient ratio and the highest N rate applied. The content of crude protein (CP) was increasing with the rising fertiliser N rate and the increase in CP was higher at the low nutrient ratio treatments. The zero-fertilised control also provided sufficient CP content. The low nutrient ratio resulted in higher P and K content than the high one. The lowest content of P and K was recorded at the control. The highest P content was found at the treatment with the fertiliser P and K applied. The highest K content was recorded at the 2 nd cut, but decreased at the 3 rd cut in all the treatments. The content of Ca was rising towards the 3 rd cut. The content of nutrients was higher at the treatments where the high ratio was used. The content of Mg in DM was higher at the treatments with the high nutrient ratio and the high N fertiliser rates. The content of Mg was increasing in the 2 nd cut at all the treatments.
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The fertiliser application ranks among the factors intensifying improvement of permanent grassland and is decisive not only for good yield and quality of forage, but also for good condition and long life of sward (Rataj 1996) . The level of fertilising has a notable impact on the botanical composition and consequently, on the quantitative and qualitative aspects of production. Compared to arable crops, grassland nutrition has some peculiarities, e.g. a considerable amount of organic residues in soil is a rich source of released available nutrients; different ability of roots to take nutrients from more or less accessible forms; high number of symbiotic plants; dense representation of micro-and macro-edaphone not only supports, but also intensifies the effects of fertiliser application. Overall success of fertilisation depends on the initial state of grassland, the availability of water, the soil and climatic conditions, the method and frequency of utilisation and on the length of time over which the fertiliser is applied systematically (Slamka et al. 2006) . The systematic and relatively long-term intensive application of nitrogen (N) fertiliser increases herbage and dry matter (DM) yields only during a limited period of time which is followed by sward degradation, decreased yields and the fertilisation ceases to be effective and economic (Rataj 1996) .
The content of crude protein (CP) is much higher in DM of leaves than in that of stems and moreover, it is also higher in legumes than in grasses. The application of high N fertiliser rates (more than 120 kg/ha) eliminates these differences and the CP content in grass may exceed the amount of CP in legumes (Holúbek et al. 2001) .
The presented research aimed at studying the quality and production of herbage from an alluvial meadow at different fertiliser rates and nutrient ratios used the during fertiliser application.
MATERIAL AND METHODS
The research site "Veľká Lúka" (altitude 350 m; northern latitude 48° 37´; eastern longitude 19° 10´) was located in the protection zone of "Sliač" spa, in the western part of "Zvolenská kotlina" basin. The edaphic conditions at the research site were as follows: geological substratum -the alluvial soil was loamy fluvisol; initial soil pH in KCl = 6.03; available nutrients: P = 6.16 mg/kg and K = 96.6 mg/kg. The initial sward type was Festucetum pratense association with 35 species (Alopecurus pratensis dominant) at the trial start (Table 2 ). Long-term mean rainfall over growing season is 428 mm; long-term mean annual rainfall 757 mm; mean daily temperature 8.2°C per year and 14.7°C over growing season (Figure 1) .
The field trial has been established as randomised blocks with four replicates (plot size 32 m 2 ; 8 × 4 m) in 1961. This paper presents the research period of [2006] [2007] [2008] [2009] . The trial comprised the following 10 treatments (Table 1 ) with a range of fertiliser application rates: Treatment 1: zero-fertilised sward (control); Treatment 2: fertiliser P and K application; Treatments 3, 4, 5 and 6: fertiliser N, P and K application at the N : P : K ratio of 1 : 0.30 : 0.8, respectively; Treatments 7, 8, 9 and 10: fertiliser N, P and K application at the N : P : K ratio of 1 : 0.15 : 0.4, respectively. The trial treatments and the fertiliser application rates in detail are given in Table 1 . The fertiliser nitrogen was applied as ammonium nitrate (LAD 27%), P was applied as "hyperkorn" (8.5%) and K as potassium salt (52.23%). The total rate of N fertiliser was split into two dressings which were applied in the early spring (65%) and after the 1 st cut (35%). Grassland was utilised by three cuts a year: the 1 st cut -at the ear emergence of dominant grass species; the 2 nd cut -approximately 6 to 8 weeks later; the 3 rd cut -approximately 8 to 10 weeks after the 2 nd cut. The dry matter (DM) production was determined as follows: fresh herbage was weighed at the research site, DM content was determined in herbage (at 105°C) and the yield of DM was calculated per hectare. The herbage samples were oven-dried at 65°C and submitted to the chemical analysis to determine the content of nutrients (crude protein -Kjeldahl method (N × 6.25), content of P, K, Mg were determined in accordance with the Slovak technical standard STN 46 7093. The obtained data were subjected to analysis of variance (ANOVA) followed by post hoc comparison using the Tukey´s HSD test (Statit Custom QC for Windows). Table 3 and Figure 2 present the yields of dry matter and increments of DM yields throughout the research period of -2009 . In 2008 , the lowest DM yield was recorded at all the treatments, due to the rainfall deficiency in the early (April, May) and in the late months (August, September) of growing season. The Treatment 1 (control) was characterised by low DM production (2.63-4.91 t/ha).
By comparison with the control, the fertiliser P and K application increased yields in all the cuts and years, except in 2009 (Table 3 ). The highest increase was recorded at the 2 nd cut in 2006 (more by 1.07 t/ha than Treatment 1 -the control). In 2007 and 2009, the DM yields decreased at the 2 nd and 3 rd cuts. Holúbek et al. (2007) , Honsová et al. (2007) and Jančovič et al. (2009) reported that the fertiliser P and K application itself increased the yield variability, mainly as a result of higher variability in the proportion of grasses and legumes in sward at the cuts.
The application of nitrogen significantly increased the DM production nearly in all the cuts and years (P < 0.01) and influenced also the total yield over the research period (Table 6 ). The variability in the yield increase under the rising N rates was found in agreement with Velich (1986) , Holúbek (1991) , Glaba and Kacorzykb (2011) and other authors studying the grassland nutrition.
An exception was found at the 2 nd cut in 2007 when the highest DM production was recorded at the zerofertilised control. Over the given period, the significantly highest DM production (P < 0.01) was recorded at Treatment 6 with the highest N rate and the low nutrient ratio applied (Table 6 ). The highest total DM yield for the whole research period was also found at Treatment 6 in all the years, except for the year 2006, when the lowest DM yield (5.7 t/ha) was recorded there. In the years 2006, 2008 and 2009 , respectively, the application rate of 50 kg N/ha with the low nutrient ratio resulted in higher DM production at Treatment 3 than at the comparable Treatment 7 with the high ratio of nutrients. With the high N rate (100 kg/ha) and the high nutrient ratio (Treatment 8), the DM yield was higher than that at Treatment 4 with the low nutrient ratio. This was not the case in 2008 when the production of DM was 4.61 t/ha at Treatment 8, - Lotus corniculatus L. 
+less than 1%, *see Table 1 but it was 4.86 t/ha at Treatment 4. Similar results (approx. 5 t/DM/ha), but with the maximum fertiliser rate (240 kg N/ha) were reported by Vozár (2009) from the trial at "Chvojnica" site. There had been reports of DM production decreasing from the 1 st to the 3 rd cut (Velich 1986 ). Our research data showed slight variations. In both 2007 and 2009, the DM yield was higher in the 2 nd cut than at the 1 st one, namely at the non-fertilised control as well as at Treatment 3 (50 kg N/ha and the low nutrient ratio). Based on his trials, Fiala (2002) pointed out that neither the long-term fertiliser application of as much as 300 kg N/ha nor the grassland utilisation by three cuts disturbed the ecological stability. The DM production rises while the nitrogen fertiliser rate is extended up to 150 kg N/ha and both the forage quality and production efficiency are increased. The most stabile treatments appear to be those where the low and medium rates of nitrogen fertiliser (50 and 150 kg N/ha + PK) are applied. This conclusion was drawn also in our research. Honsová et al. (2006) had carried out trials on a valley meadow at "Černíkovice" site and consequently, they confirmed the hypothesis of DM yields depending on the amount of nitrogen applied. At the control, mean production of herbage was 2.6 t ha -1 and the highest production (8.95 t/ha) was recorded at the treatment with the N 200 P 40 K 100 application rate. Figure 2 gives the DM increase in comparison to the zero-fertilised control. The highest increase in DM yield (by 138.02%, i.e. 3.63 t/ha) was recorded at Treatment 6 in 2008 (200 kg N; low nutrient ratio). Over the research years, high increase in DM yield was recorded at Treatment 3, except for the year 2007 when a decrease by 8.2% was found. Averaged over the research years and in comparison with the control, the increase in DM was higher at the treatments with identical rates of nitrogen and high ratio of nutrients (19.56 % at Treatment 7 and 37.92% at Treatment 8) than those with the low nutrient ratio. It was the opposite situation at Treatments 5 and 6 with the high rates of nitrogen fertiliser and the low nutrient ratio (increase by 56.76% and 64%) in comparison with the treatments with the high nutrient ratio (increase by 45.65% and 57.49%). Hejcman et al. (2010) and Holúbek et al. (2007) reported that the content of nutrients in herbage DM decreased with the reduction of available nutrients in soil and decreased also with increasing yield due to the so called dilution effect in the grown-up biomass. The quality of dry matter is defined by the mineral and organic composition (Whitehead 2000; Lichner et al. 1983) . Table 1 Table 4 shows that the increasing nitrogen rate resulted in rising crude protein content. The highest CP content (201.68 g/kg) was found in the 1 st cut at Treatment 5 with the rate of 150 kg N/ha and the low nutrient ratio, but the differences were not significantly different (Table 7) . However, the decrease in CP content was very significant (P < 0.01) by comparison between the years.
The highest CP content was recorded mostly at the 1 st cut, except for Treatments 1 and 3 to 10 in 2008 and 2009, respectively, when the CP content was higher at the 2 nd cut, as shown by the statistically significant effect (Table 7) . At the control, the highest CP content was recorded at the 2 nd cut, except in 2009 (the 3 rd cut). It may be concluded that CP content was higher at the treatments with the low nutrient ratio than at those with the high one. The results showed that the treatment without fertiliser application could provide the required quality of DM, as reported also by Michalec et al. (2007) .
Some authors (Lichner et al. 1983; Krajčovič 1997; Holúbek 1991; Jančovič 1999 ) point out to the existing difference between the content of minerals in plants and that required by animals which can be mitigated by fertiliser application to grassland. Fiala (2002) reports that the long-term application of fertiliser has influ-6 Agriculture (Poľnohospodárstvo), 58, 2012 (1) Table 1 ence on the content of mineral substances in total and at the individual cuts as well. The rising rates of nitrogen fertiliser are increasing the content of N, P and Na, but decreasing the content of Ca, Mg and K. The threecut utilisation of sward is characteristic of increasing content of Ca and Mg and decreasing K content from The values in the same row with different superscript letters are significantly different at P < 0.01 level for each variable Tukey´s HSD test; SEM -standard error of the mean *see Table 1 Agriculture (Poľnohospodárstvo), 58, 2012 (1) : 1−10 the first to the last cut. Mean content of minerals is given in Table 5 . Averaged over the research period, the lowest P content (1.945 g/kg) was recorded at Treatment 1 (the control). Generally, the P content was low at all the cuts. The highest P content was found at Treatment 2 in all of the cuts (3.31, 3.16 and 3.42 g/kg, respectively) throughout the period of research. Nerušil et al. (2007) also reported that the long-term application of P and K fertilisers increases the legume dominance and consequently, also the content of P, Ca and Mg. An acceptable content was provided also by the Treatments 4, 5 and 6 with the low ratio of nutrients, respectively.
The lowest potassium content ranging between 13.05 and 15.76 g/kg was recorded at the zero-fertilised control. The K content was decreasing from the 1 st to the 3 rd cut at the treatments 1 to 6, respectively. The highest K content was found in the 2 nd cut at Treatments 7 to 10, the ones with the high nutrient ratio. Similar conclusions are drawn by Ježíková and Lihán (1997) who report that the content of K and P in herbage is increasing at the high nutrient ratio. However, one cannot agree with their statement that the low N : P : K ratio results also in decreased content of P and K as well as in increased Ca content.
The highest calcium content was found at Treatment 3 in the 2 nd cut. The content of Ca was increasing with the cuts, except for the Treatments 6, 7 and 10, respectively; the highest Ca content was found in the 2 nd cut. Similar results were reported by Jančovič (1997) .
The magnesium content was higher at the treatments with the high ratio of nutrients. The highest Mg content (4.81 g/kg) was found at Treatment 3 in the 2 nd cut and moreover, at the same cut, the Mg content was 4.65 g/kg at the zero-fertilised control. Lichner et al. (1977) and Jančovič (1997) report that Mg content increases with the rising intensity of N fertiliser application. Table 7 shows the significant effects of the cuts on the mean content of P, K, Ca and Mg.
CONCLUSIONS
The results of research on the production and quality of herbage in relation to the long-term application rates of fertiliser and the nutrient ratios were concluded as follows:
Over the research period, the highest dry matter production was found at the treatment with the highest N (200 kg) rate and the low nutrient ratio applied 1 : 0.3 : 0.8 (total dry matter yield over the four research years was 27.18 t/ha). The dry matter production was higher at the application of 50 and 100 kg N/ha fertiliser rates with the high nutrient ratio of 1 : 0.15 : 0.4.
The crude protein content was rising with the increasing N fertiliser rates. The highest crude protein content (201.68 g/kg) was found in the 1 st cut at the treatment with the rate of 150 kg N/ha.
The low nutrient ratio of 1 : 0.3 : 0.8 resulted in high content of P, K and Ca, but in low Mg content in dry matter, respectively.
The content of K was rising in the 2 nd cut and decreasing in the 3 rd cut at all the treatments. The content of Ca was rising to the 3 rd cut and the Mg content was increasing in the 2 nd cut at all the research treatments. Based on the research results, it was concluded that the ratio of 1 : 0.30 : 0.8 was more favourable, when considering the needs of animals.
